Computers | 
& Chemical 
Engineering 


An International Journal 


List of Contents and Author Index 
Volume 13, 1989 


PERGAMON PRESS 
OXFORD - NEW YORK - BEIJING - FRANKFURT - SAO PAULO - SYDNEY - TOKYO - TORONTO 


| 


‘Computers 
& Chemical 
Engineering An International Journal 


co-editors 


G. V. Reklaitis D. W. T. Rippin 
School of Chemical Engineering, Purdue Swiss Federal Institute of Technology 
University, West Lafayette, IN 47907, U.S.A. ETH -Zentrum, 8092 Zurich, Switzerland 


editorial advisory board 


G. Buzzi—Ferraris 1. E. Grossmann J. W. Ponton M. Shacham 
Milan, Italy ‘Pittsburgh, Pennsylvania Edinburgh, Scotland Beer Sheva, /srael 
R. G. H. Prince G. Stephanopoulos 
B. Carnhan |. Hashimoto 
Ann Arbor, Michigan Kyoto, Japan Sydney, Australia Cambridge, Massachusetts 
L. C. Puigjaner W. E. Stewart 
J. Cerda T. Hertzberg Barcelona, Spain Madison, Wisconsin 
Santa Fe, Argentina Trondheim, Norway 

E. M. Rosen T. Umeda 

B-z. Chen M. Kubicek St Louis, Missouri 


Tokyo, Japan 
Beijing, China Prague, Czechoslovakia R. W. H. Sargent 


D. Depeyre M. L. Michelsen Pittsburgh, Pennsylvania 
Chatenay -Malabry, France Lyngby, Denmark J. D. Seader J. D. Wright 
Salt Lake City, Utah 
Mississauga, Canada 
T. F. Edgar M. Morari W. D. Seider 
Austin, Texas Pasadena, California D. Edelson 
Philadelphia, Pennsylvania 
L. B. Evans R. L. Motard J. H. Seinfeld Liaison Member 
Cambridge, Massachusetts St Louis, Missouri Pasadena, California Computers & Chemistry 


Publishing Office 


Journals Production Unit, Pergamon Press pic, Hennock Road, Marsh Barton, Exeter, Devon EX2 8NE, England 
(Te/. Exeter (0392) 51558; Telex 42749) 


Subscription and Advertising Offices 


North America: Pergamon Press Inc., Maxwell House, Fairview Park, Elmsford, NY 10523, U.S.A. 
Rest of the World: Pergamon Press pic, Headington Hill Hall, Oxford OX3 OBW, England 
(Te/. Oxford (0865) 64881) 


Annual Subscription Rates 1990. Annual institutional subscription rate, DM 950.00; 2-year institutional subscription rate, DM 1805.00 
(including postage and insurance). Personal subscription rate for those whose library subscribes at the regular rate, DM 209.00. All 
prices are subject to amendment without notice. 


Back Issues. Back issues of all previously published volumes, in both hard copy and on microform are available direct from 
Pergamon Press offices. 


Published monthly. Copyright © 1989 Pergamon Press pic 


It is a condition of publication that manuscripts submitted to this journal have not been published and will not be simultaneously submitted or published 
elsewhere. By submitting a manuscript, the authors agree that the copyright.for their article is transferred to the publisher if and when the article is accepted 
for publication. However, assignment of copyright is not required from authors who work for organizations which do not permit such assignment. The 
copyright covers the exclusive rights to reproduce and distribute the article, including reprints, photographic reproductions, microform or any other repro- 
ductions of similar nature and translations. No part of this publication may be reproduced, stored in a retrieval system or transmitted in any form or by any 
means, electronic, electrostatic, magnetic tape, mechanical, photocopying, recording or otherwise, without permission in writing from the copyright holder. 


Photocopying information for users in the U.S.A. The \tem-fee Code for this publication indicates that authorization to photocopy items for internal or personal 

use is granted by the copyright holder for libraries and other users registered with the Copyright Clearance Center (CCC) Transactional Reporting Service 

provided the stated fee for copying beyond that permitted by Section 107 or 108 of the U.S. Copyright Law is paid. The appropriate remittance of $3.00 
per copy per article is paid directly to the Copyright Clearance Center Inc., 27 Congress Street, Salem, MA 01970, U.S.A. 


Permission for other use. The copyright owner's consent does not extend to copying for general distribution, for promotion, for creating new works or for resale. 
Specific written permission must be obtained from the publisher for such copying. The /tem-fee Code for this publication is: 0098-1354/89 $3.00 + 0.00 


©™the paper used in this publication meets the minimum requirements of American National Standard for Information Sciences—Permanence of Paper 
for Printed Library Materials, ANS! Z39.48-1984. 


| 
4 
| 
i 
| 
| 


G. V. Reklaitis 


D. Bonvin, P. de Valliére 
and D. W. T. Rippin 


P. de Valliére and D. Bonvin 


J. Dimitratos, C. Georgakis, 
M.S. El-Aasser and A. Klein 


C. Filippi-Bossy, J. Bordet, 
J. Villermaux, 

S. Marchal-Brassely 

and C. Georgakis 


J. E. Cuthrell 
and L. T. Biegler 


G. D. Cawthon 
and K. S. Knaebel 


C. Kravaris, R. A. Wright 
and J. F. Carrier 


Short Note 
R. S. Davidson 


J. E. Merkle Jr 
and W.-K. Lee 


B. J. Cott and S. Macchietto 


LIST OF CONTENTS 


NUMBER 1/2 


Vv 


1 


11 


21 


35 


49 


63 


73 


83 


87 


105 


COMPUTER APPLICATIONS TO BATCH CHEMICAL PROCESSING 


Preface 


Part A: Modeling Optimization and Control of Batch Units 


Application of estimation techniques to batch 
reactors—|. Modelling thermal effects 


Application of estimation techniques to batch 
reactors—I|l. Experimental studies in state and 
parameter estimation 


Dynamic modeling and state estimation for an 
emulsion copolymerization reactor 


Batch reactor optimization by use of tendency 
models 


Simultaneous optimization and solution methods 
for batch reactor control profiles 


Optimization of semibatch polymerization reactions 


Nonlinear controllers for trajectory tracking in batch 
processes 


Using process information to control a multi- 
purpose batch chemical reactor 


Adaptive strategies for automatic startup and 
temperature control of a batch process 


Minimizing the effects of batch process variability 
using online schedule modification 


Part B: Design and Operation of Batch Plants 


H. S. Wellons 
and G. V. Reklaitis 


A. K. Modi and |. A. Karimi 


D. B. Birewar 
and |. E. Grossmann 


115 


127 


141 


The design of multiproduct batch plants under 
uncertainty with staged expansion 


Design of multiproduct batch processes with finite 
intermediate storage 


Incorporating scheduling in the optimal design of 
multiproduct batch plants 


| 
| 
| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

¥ 

| 
iii 


A. Espufia, M. Lazaro, 
J. M. Martinez 
and L. Puigjaner 


D. Rajagopalan 
and |. A. Karimi 


K. Kuriyan 
and G. V. Reklaitis 


M. C. Wellons 
and G. V. Reklaitis 


M. C. Wellons 
and G. V. Reklaitis 


R. F. H. Musier 
and L. B. Evans 


C. H. White 


T. R. Colmenares 
and W. D. Seider 


Gh. Juncu and R. Mihail 


R. Gani and |. T. Cameron 
A. S. T. Chiang 
and G.-W. Hwang 


K. K. Trivedi, B. K. O'Neill 
and J. R. Roach 


K. Glinos and M. F. Malone 


G. R. Kocis 
and |. E. Grossmann 


163 


175 


187 


201 


213 


229 


259 


271 


281 


291 


295 


307 


An efficient and simplified solution to the predesign 
problem of multiproduct plants 
Completion times in serial mixed-storage multi- 
product processes with transfer and set-up times 
Scheduling network flowshops so as to minimize 
makespan 
Optimal schedule generation for a single-product 
production line—|. Problem formulation 
Optimal schedule generation for a single-product 
production line—ll. Identification of dominant 
unique path sequences 
An approximate method for the production sche- 
duling of industrial batch processes with parallel 
units 
Productivity analysis of a large multiproduct batch 
processing facility 
Softstrip® data strip containing the table of 
contents of this issue 

NUMBER 3 
Softstrip® data strip containing the table of 
contents of this issue 
Synthesis of cascade refrigeration systems 
integrated with chemical processes 
Multigrid solution of the diffusion—convection— 
reaction equations which describe the mass and/or 
heat transfer from or to a spherical particle 
Extension of dynamic models of distillation 
columns to steady-state simulation 
Simulation of breakthrough curves by a moving 
zone collocation method 
Synthesis of heat exchanger networks featuring 
multiple pinch points 
Net work consumption in distillation—short-cut 
evaluation and applications to synthesis 
Computational experience with DICOPT solving 


MINLP problems in process systems engineering 


iv 


239 
| 
q 


Y. K. Kao and J. Weisman 


Short Note 
M. Rashid and |. D. L. Bogle 


317 Numerical evaluation of the moving-front transition 
boiling model by global spline collocation 
327 Dynamic operability analysis and simulation of a 
CSTR with exothermic reaction 
| Announcement 
NUMBER 4/5 


CHEMDATA 88—THE USE OF COMPUTERS 
IN CHEMICAL ENGINEERING 


Urban Grén 


Kristian M. Lien 
Lawrence B. Evans 

O. A. Asbjornsen 
Arthur W. Westerberg 


J. D. Seader 


John Villadsen 


Session 1. 


Rafiqul Gani and 
John P. O’Connell 


Yunda Liu, Martin Wimby 
and Urban Grén 


J. Rennotte, H. Massillon 
and B. Kalitventzeff 


H. Theliander and U. Grén 


G. Maria and G. Musca 


S. Kaijaluoto, 
P. Neittaanmaki 
and J. Ruhtila 


Vil 


Introduction 


Plenary Lectures 


331 
343 
351 
365 


377 


385 


397 


405 


411 


419 


A framework for opportunistic problemsolving 
Simulation with respect to solid fluid systems 
Control and operability of process plants 
Synthesis in engineering design 


Education and training in chemical engineering 
related to the use of computers 


Simulation of biochemical reactions 


Physico Chemical Properties 


A knowledge based system for the selection of 
thermodynamic models 


An_activity-coefficient model for electrolyte 
systems 


A new model for the simulation of the behaviour of 
electrolytic aqueous solutions. Comparison with 
three well-known previous models 


A simple algorithm for the estimation of the 
density of aqueous solutions containing two or 
more different salts 


Session 2. Simulation 


425 


433 


ARS efficiency for solving model estimation— 
reduction problems 


Comparison of different solution algorithms for 
sparse linear equations arising from flowsheeting 
problems 


Vv 


. 
{ 
| 
| 
| 
{ 
4 


G. Biardi and M. G. Grottoli 441 Development of a new simulation model for real 
trays distillation column 


L. Cremades, A. Mulet 451 A file oriented information system for the 
and B. Koehret cost estimation of equipment and the economic 
evaluation of chemical processes 


Session 3. Artificial Intelligence and Expert Systems 


H.-D. Engelmann, 459 The solving of complex process synthesis problems 
H.-H. Erdmann, R. Funder using distributed expert systems 
and K.-H. Simmrock 


E. Lahdenpera, E. Korhonen 467 An expert system for selection of solid—liquid 
and L. Nystrom separation equipment 


Session 4. Solid Systems 


Tariq F. Al-Fariss 475 Anewcorrelation for non-Newtonian flow through 
porous media 


Session 5. Simulation Involving Reactors and Batch Systems 


Antonio Espufia and 483 On the solution of the retrofitting problem 
Luis Puigjaner for multiproduct batch/semicontinuous chemical 
plants 


E. S. Lee and G. V. Reklaitis 491 Intermediate storage and operation of batch 
processes under batch failure 


E. Reuter, G. Wozny 499 Modeling of multicomponent batch distillation pro- 
and L. Jeromin cesses with chemical reaction and their control 
systems 

L. Pellegrini, G. Biardi 511 Dynamic model of packed-bed tubular reactors 


and E. Ranzi 


Said lrandoust and 519 Simulation of flow and mass transfer in Taylor flow 
Bengt Andersson through a capillary 

L. M. Kiraly, F. Friedler 527 Optimal design of multi-purpose batch chemical 
and L. Szobosziai plants 


Session 6. Process Control 


A. Raza, D. M. Espie, 535 The integration of data management and data 

K. Gaskill and T. Slater reconciliation for central plant monitoring 

D. R. Lewin 545 ProCoSP aPC CAI and CAD tool for SISO control 
synthesis 


Session 7. Biotechnology Systems 


Demetri Petrides, 553 Bioprocess simulation: an integrated approach to 


Charles L. Cooney, process development 
Lawrence B. Evans, 


Randall P. Field and 
Mark Snoswell 


vi 


fi 
| 
i 


| 


Session 8. Dynamic Simulation and Control 


Rafiqu!l Gani and 
Ganka Toneva 


S. Macchietto, G. Stuart, 
T. A. Perris and 
G. R. Dissinger 


H. Pingaud, J. M. Le Lann, 
B. Koehret and M. C. Bardin 


563 


571 


577 


Simultaneous steady state and dynamic simulation 
of chemical processes 


Monitoring and on-line optimisation of process 


using SpeedUp 


Steady-state and dynamic simulstion of plate fin 
heat exchangers 


Session 9. Process Synthesis 


A. Bandoni, 
M. Eliceche, 
D. B. Mabe and 


J. 
A. 
G. 
E. A. Brignole 


B. Csukas, Z. Kozar 
and P. Arva 


Francois Maréchal and 
Boris Kalitventzeff 


A. Kraslawski, A. Gérak 
and A. Vogelpohl 


G. V. Reklaitis 

J. Lapointe, B. Marcos, 
M. Veillette, G. Laflamme 
and M. Dumontier 


W. Morton and G. J. Smith 


B. W. Bequette and 
T. F. Edgar 


M. Bezzina, L. Pibouleau 
and S. Domenech 


G. J. Siri, M. A. Galan 
and B. J. McCoy 


K. K. Trivedi, B. K. O'Neill, 
J. R. Roach and R. M. Wood 


G.-C. Shen and W.-K. Lee 


587 


595 


603 


661 


667 


687 


Synthesis and optimization of ethane recovery 
process 
Multicriteria valuated Prolog synthesizing algor- 
ithms 
SYNEP1: a methodology for energy integration and 
optimal heat exchanger network synthesis 
Fuzzy dynamic programming in the synthesis of 
distillation column systems 
Softstrip® data strip containing the table of 
contents of this issue 

NUMBER 6 
Announcement—Best Paper of 1987 
BIOEXPERT—an expert system for wastewater 
treatment process diagnosis 
Time delays in dynamic simulation 
Non-interacting control system design methods in 
distillation 
A statistical approach to the synthesis of separation 
sequences 
Moment analysis for stirred-tank batch adsorption 
with nonlinear isotherm 
A new dual-temperature design method for the 
synthesis of heat exchanger networks 
A predictive approach for adaptive inferential 


control 


vii 


| 
|| 
F 
i 
| 619 
631 
| | 
= 


A. R. Ciric and C. A. Floudas 


J. Lee and W.-K. Lee 


1. Marsi, P. Fejes 
and K. Varga 


V. G. Dovi and O. Paladino 


G. D. Cera 


M. R. Blaha, N. L. Eastman 
and M. M. Hall 


E. C. Martinez and 
B. Drozdowicz 


J. R. Quan and C. T. Chang 


M. Hillestad, C. Sorlie, 
T. F. Anderson, |. Olsen 
and T. Hertzberg 


G. R. Kocis and 
|. E. Grossmann 


R. D. Colberg, M. Morari 
and D. W. Townsend 


D. Mocsny and R. Govind 


S. Narasimhan and 
R. S. H. Mah 


B. K. Harrison 
Short Note 


S. Pethe, R. Singh and 
F. C. Knopf 


703 A retrofit approach for heat exchanger networks 


717 Least squares updates for quasi- Newton methods 
in process design and simulation 


725 Simulation of an adiabatic contact catalytic reactor 


731 Fitting of experimental data to implicit models 
using a constrained variation algorithm 


| Corrigendum 


lll Softstrip® data strip containing the table of 
contents of this issue 


NUMBER 7 


i Softstrip® data strip containing the table of con- 
tents of this issue 


737 Parallel dynamic process simulation of a distillation 
column on the BBN Butterfly parallel processor 
computer 


753 An extensible AE&C database model 


767 Multitime-scale approach to real-time simulation of 
stiff dynamic systems 


779 New insights in solving distributed system equa- 
tions by the quadrature method—|. Analysis 


789 On estimating the error of local thermodynamic 
models—a general approach 


797 A modelling and decomposition strategy for the 
MINLP optimization of process flowsheets 


821 A resilience target for heat exchanger network 
synthesis 


839 Multiple-feed, pure-product separation system 
synthesis 


851 Treatment of general steady state process models in 
gross error identification 


855 Performance of a process flowsheeting system on 
a supercomputer 


859 A simple technique for locating loops in heat ex- 
changer networks 


| Announcement 


viii 


* 


M. E. Hanyak Jr 
P. L. Mills and 
M. P. Dudukovié 
A. B. Coon and 
M. A. Stadtherr 


Q. Yu and N.-H. L. Wang 


B. Toftegard and 
S. Bay Jorgensen 


G. Pagani, 
A. d’Arminio Monforte 
and A. de Mitri 


M. G. Harsh, P. Saderne 
and L. T. Biegler 


J. Mydlarz and A. G. Jones 


G. F. Barreto and 
G. D. Mazza 


B. J. Cott, R. G. Durham, 
P. L. Lee and G. R. Sullivan 


C. Gutierrez-Cafias, 
P. L. Arias 

and J. A. Legarreta 
E. N. Pistikopoulos 
and |. E. Grossmann 


J. R. Quan and C.-T. Chang 


NUMBER 8 


881 


899 


915 


927 


931 


947 


959 


967 


Softstrip® data strip containing the table of 
contents of this issue 


A user-friendly input language for design variables 


Convolution and deconvolution of nonideal tracer 


response data with application to three-phase 
packed-beds 


Parallel implementation of sparse LU decompos- 
ition for chemical engineering applications 


Computer simulations of the dynamics of multi- 
component ion exchange and adsorption in fixed 
beds—gradient-directed moving finite element 
method 


An integration method for dynamic simulation of 
cycled processes 


Improving an equation-oriented package 


A mixed integer flowsheet optimization strategy for 
process retrofits—the debottlenecking problem 


On numerical computation of size-dependent 
crystal growth rates 


On the use of incremental quotients in Michelsen’s 
method for stiff ordinary differential equations 


NUMBER 9 


1003 


1017 


Softstrip® data strip containing the table of 
contents of this issue 


Process model-based engineering 


Industrial nitrogen oxides absorption simulation 


Optimal retrofit design for improving process 


flexibility in nonlinear systems—|. Fixed degree of 
flexibility 


New insights in solving distributed system 
equations by the quadrature method—I|I. Numeri- 
cal experiments 


ix 


S61 
| 
| 
| 
| 
| 
| 
| 
| 
|. 
! 
| 
| 
| 
| 
| 
| 
| 


G. Nagel and G. Kluge 


M. Lazaro, A. Espufia 
and L. Puigjaner 


N. V. Sahinidis, 
1. E. Grossmann, 
R. E. Fornari and 
M. Chathrathi 


G. R. Carmichael, 
D. M. Cohen, S.-Y. Cho 
and M. H. Oguztuzun 


Gh. Juncu, V. Lavric 
and R. Mihail 


M. B. Bogacki, K. Alejski 
and J. Szymanowski 


E. N. Pistikopoulos and 
1. E. Grossmann 


J. S. Hsiao and 
L. W. Bezanson 


Y. Muslu and H. A. San 


C. A. Floudas, A. Aggarwal 


and A. R. Ciric 


C. A. Floudas and A. R. Ciric 


T. Westerlund and T. Hoikka 


A. Gawdzik and L. Rakowski 


G. Cesari, M. Fermeglia, 
1. Kikic and M. Policastro 


1025 


1031 


1049 


1065 


1075 


1081 


NUMBER 10 


1133 


1153 


1165 


1175 


Non-isothermal multicomponent adsorption pro- 
cesses and their numerical treatment by means of 
integro-differential equations 


A comprehensive approach to production planning 
in multipurpose batch plants 


Optimization model for long range planning in the 
chemical industry 


Coupled transport/chemistry calculations on the 
Massively Parallel Processor computer 


A comparison between the insensitive Runge- 
Kutta, the semi-implicit extrapolation and the 
backward differencing methods in solving the ODE 
systems which describe the radical hydrocarbons 


pyrolysis 


The fast method of the solution of a reacting 
distillation problem 


Softstrip® data strip containing the table of 
contents of this issue 


Optimal retrofit design for improving process flexi- 
bility in nonlinear systems—l!. Optimal level of 
flexibility 


Offset elimination properties of adaptive/predictive 
controllers 


Design parameters for multi-stage waste treatment 


Global optimum search for nonconvex NLP and 
MINLP problems 


Strategies for overcoming uncertainties in heat 
exchanger network synthesis 


On the modeling of mineral fiber formation 


The methods of analysis of the dynamic properties 
of the adiabatic tubular reactor with switch flow 


A computer program for the dynamic simulation of 
a semi-batch supercritical fluid extraction process 


x 


4 
a 
1097 
a 
7 
\ 
\ 


A. H. Al-Elg and A. Palazoglu 1183 Modeling and control of a high-purity double- 


Y. Shimizu 


J. D. Perkins and M. L. Brisk 


R. Benson 


R. L. Motard 


W.-K. Chan and 
R. G. H. Prince 


B. Chen, J. Shen, Q. Sun 
and S. Hu 


T. Weatherill and 
1. T. Cameron 


E. S. Lee and G. V. Reklaitis 


J. W. Ponton, 

E. M. Johnston, 

J. M. Forsyth, A. Matheson 
and F. M. Rutherford 


M. Hofmeister, L. Halasz 
and D. W. T. Rippin 


B. J. Cott and S. Macchietto 


N. Katoh, K. Nakao and 
M. Hanawa 


1. D. L. Bogle and M. Rashid 


T. Takamatsu, |. Hashimoto, 
M. Ohshima, J. Chu and 
J.-C. Wang 


R. J. Lojek and 
B. D. Whitehead 


K. Fukuda, K. Okamoto, 
E. Fukui and H. Nishitani 


effect distillation column 


1189 A plain approach for dealing with flexibility 


problems in linear systems 


NUMBER 11/12 


PSE’88—THIRD CONFERENCE ON PROCESS 
SYSTEMS ENGINEERING 


Vv 


1193 


1199 


1207 


1221 


1229 


1235 


1245 


1255 


1263 


1273 


1277 


1283 


1291 


1299 


Introduction 


Process systems engineering: past, present and a 
personal view of the future 


Integrated computer-aided process engineering 


Heuristic evolutionary synthesis with non-sharp 
separators 


Development of an expert system for synthesis of 
heat exchanger networks 


A prototype expert system for 
operability studies 


hazard and 


Intermediate storage and the operation of periodic 
processes under equipment failure 


Real time dynamic simulation using networked 
computers 


Knowledge-based tools for 
systems 


batch processing 


An integrated approach to computer-aided 
operation of batch chemical plants 


Learning control of a batch reactor 


An assessment of dynamic operability measures 


Robustness degree based controller design for a 
class of nonlinear systems 


Integrated advanced control and online optimiz- 
ation in olefins plant 


Modeling and control system design of natural gas 
supply system 


xi 


4 
| 
| 
t 
| 
| 
‘ 
e 
| 
| 


O. A. Asbjornsen 


1309 


PSE’88 in the light of modern systems engineer- 
ing—a symposium review 


Softstrip® data strip containing the table of 
contents of this issue 


xii 


‘ 
. q 
q 
q 
q 


pits 
| 


